Abstract: We show that simple Two Higgs Doublet models still provide a viable explanation for the matter-antimatter asymmetry of the Universe via electroweak baryogenesis, even after taking into account the recent order-of-magnitude improvement on the electron-EDM experimental bound by the ACME Collaboration. Moreover we show that, in the region of parameter space where baryogenesis is possible, the gravitational wave spectrum generated at the end of the electroweak phase transition is within the sensitivity reach of the future space-based interferometer LISA.
Introduction
The origin of the baryon asymmetry of the Universe (BAU) remains one of the most important unsolved puzzles in high energy physics and cosmology. Current observations [1, 2] lead to a ratio of the net baryon number per entropy density in the Universe of η obs ≡ n B s 8.7 × 10 −11 , (1.1)
meaning an excess of roughly one baryon for every one billion matter-antimatter annihilation events taking place in the early Universe. The three necessary ingredients for generating such an asymmetry dynamically [3] are in principle present within the Standard Model (SM): (i) baryon number violation due to the chiral anomaly and non-perturbative sphaleron transitions [4] [5] [6] ; (ii) violation of charge (C) and charge-parity (CP) symmetries from the electroweak interactions and quark mixings; (iii) displacement from equilibrium coming from the Hubble expansion of the Universe and possibly from the electroweak phase transition (EWPT) [7] [8] [9] . A closer analysis indicates, however, that the sphalerons and the CP violating diffusion processes are never simultaneously out of equilibrium with respect to the Hubble expansion [10] , so a BAU can only be generated if the process of electroweak symmetry breaking proceeds via a first order phase transition. Kinetic equilibrium would then be broken by the expansion of bubbles of the true vacuum, with a sufficiently large vacuum expectation value (VEV) inside the bubble required in order to avoid washout of the generated asymmetry in the broken phase (see [11] for a recent review on electroweak baryogenesis). As it turns out, this latter condition is not satisfied in the SM, since the would-be phase transition is actually a smooth crossover [12, 13] . Furthermore, a second and unrelated problem is the far too small amount of CP violation coming from the CKM matrix, which is suppressed by the Jarlskog invariant [14, 15] as well as by the tiny quark Yukawa couplings, hence leading to a prediction for the BAU which is at best ten orders of magnitude below the observed value [16] [17] [18] . The BAU is therefore an observable which asks for an extension of the SM with additional sources of CP violation and extra particles coupling to the Higgs sector. However, the presence of the former has an impact on electric dipole moments (EDMs), which are tightly constrained experimentally. In particular, there has recently been an update on the electron EDM (eEDM) by the ACME collaboration improving the bound by one order of magnitude with respect to the previous experimental limit [19] , thus casting doubts on whether certain models would still be viable candidates for successful electroweak baryogenesis, and, if so, which regions of their parameter space would still be allowed. In this work we investigate the current status of baryogenesis in simple Two Higgs Doublet Models (2HDMs) 1 . Previous studies on this problem have already established the a priori viability of obtaining the BAU in this framework [21] [22] [23] [24] [25] [26] [27] , but only one of them takes the ACME eEDM constraint into account [27] , albeit with a parameter set that is now excluded 1 A recent work has tackled this issue in the context of 2HDM scenarios with an additional inert singlet.
The presence of an extra singlet tends to strengthen the phase transition and therefore decouples the source of a strong EWPT (mainly from the extra singlet) to that of CP violation (which comes from the two doublets), thus alleviating the impact of experimental bounds [20] .
by flavor observables. Furthermore, most of these studies assumed a very particular and simplified parameter choice for the study of the EWPT (except for [26] ). A more recent analysis of the EWPT in 2HDM scenarios indicates a significantly wider range of parameters allowing for a strong first order transition [28, 29] , in particular pointing to regions of the parameter space with a rather exotic phenomenology so far largely unexplored by collider searches [29, 30] . On the other hand, recent analyses on the CP violation front show that the ACME eEDM bound places tight constraints on the CP violating mixing angle among the scalars [31] [32] [33] . Whether the amount of allowed CP violation is still sufficient to generate the observed BAU in 2HDMs is a key question we aim to answer in this work.
A first order cosmological phase transition would generate yet another important relic from the early Universe, namely a stochastic gravitational wave (GW) background sourced by the dynamics of scalar field bubbles which generates acoustic waves and possibly turbulence in the plasma at the very end of the transition. For such a source, active at the electroweak scale, the red-shifted spectrum is expected to peak at frequencies O(0.1 − 10 mHz) [34] , within the range of detectability of the near-future space-based GW interferometer LISA [35] . The importance of observing such a signal cannot be underestimated: it would not only provide us with a first image of the early Universe beyond the recombination epoch, but would also constitute an alternative, cosmology-based method for probing BSM particle physics which is complementary to collider experiments. The recent measurement of GW from binary black hole mergers by LIGO [36, 37] has already demonstrated our capability to reliably and accurately detect these waves, and has therefore paved the way for using this brand new source of information as a probe of physics from cosmological down to microscopic scales.
It is interesting to note that the baryon asymmetry and the stochastic GW spectrum resulting from the EWPT behave oppositely as a function of the expansion velocity of the scalar field bubbles. Baryogenesis is optimal for relatively slow subsonic bubble walls, allowing enough time for the CP violating diffusion processes to generate an excess of handedness in front of the bubble, later to be converted into a BAU by the sphalerons. On the other hand, a detectable stochastic GW spectrum requires a rather strong phase transition, releasing a large amount of free-energy which can then be converted into bulk motion of the plasma and kinetic energy of the bubbles, thus typically resulting in faster supersonic walls. In particular, when the GW source was modelled as rapidly expanding shells of kinetic energy, after the bubble sphericity has been broken by their collision (the so-called "envelope approximation"), then a sizeable spectrum was usually predicated on ultra-relativistic walls, in which case electroweak baryogenesis is impossible. However, recent developments in the field have significantly improved our understanding of GW generation via acoustic waves [38, 39] , which remain active long after bubble collisions end and are therefore a much more efficient source also in the case of deflagrating bubbles 2 . Moreover, it has been noted that the prospective sensitivity of LISA to power-law like spectra can be greatly enhanced by integrating over the frequency of such broadband signals, leading to an improvement of a factor ∼ O(10 3 ) with respect to an estimate based only on the raw sensitivity of the apparatus [41] . Using these new developments, we show that the EWPT from 2HDMs could actually lead to both an observable BAU and detectable GWs by LISA, as a result of yielding rather strong phase transitions with relatively slow moving bubbles.
Two-Higgs-Doublet Models
Two Higgs doublet models are among the most minimalistic extensions of the SM, differing from it only by the addition of an extra scalar SU (2) L doublet to its field content. In the most general setup the presence of two or more doublets coupling to fermions leads to tree-level flavor changing neutral currents, which require some suppression mechanism for agreement with the highly sensitive experimental data. We impose here a Z 2 symmetry, forcing each type of fermion to couple to one doublet only [42] (see refs. [43] [44] [45] [46] [47] [48] for a few alternatives). Our focus will be on models of Type II, where leptons and down-type quarks couple to Φ 1 while up-type quarks couple to Φ 2 [49, 50] . If the Z 2 -symmetry is exact, however, the scalar sector does not break CP, neither explicitly nor spontaneously [51] . We therefore allow for soft breaking of Z 2 , in which case the most general renormalizable and gauge-invariant potential for two doublets can be written as
makes sense to speak of two mostly CP-even mass eigenstates, h 0 and H 0 (with m H 0 ≥ m h 0 ), and a mostly CP-odd state A 0 (see e.g. [32] ). A pair of charged scalars H ± then completes the scalar spectrum.
We set m h 0 = 125 GeV, identifying the lightest h 0 with the Higgs boson observed at the LHC [54, 55] . A further mixing angle, β − α, regulates how the properties of h 0 relate to those of the SM Higgs h SM : in the CP conserving case, β − α = π/2 corresponds to h 0 = h SM , the so-called alignment limit [56] . When CP is violated, this equality can never hold exactly since h 0 is not a pure CP-even state. But because the allowed CP violating mixings are small, it is still legitimate to speak of alignment, at least to a good approximation.
Brief Summary of Experimental Constraints
Due to the presence of new scalars mediating loop diagrams, oblique corrections to electroweak precision observables in 2HDMs [57, 58] (see also [59] ) can be quite sizeable, particularly affecting the ρ ≡ m 2 W /m 2 Z cos 2 θ W parameter. Enforcing ρ ≈ 1 leads to an approximate degeneracy between H ± and one of the additional neutral scalars, H 0 or A 0 , this being related to the limit when custodial symmetry is approximately recovered [60, 61] . Moreover, flavor observables whose leading-order contribution in the SM comes from 1-loop diagrams are also highly sensitive to the presence of new scalars. In the Z 2 -symmetric 2HDM the most important of these are B d − B d mixing and B → X s γ transitions [62, 63] . For the latter we use the recent NNLO QCD results from [64, 65] . Remarkably, for Type II this yields the stringent bound m H ± ≥ 480 GeV at 95% C.L.
CP violating phases are tightly constrained by upper bounds on the neutron and electron EDMs. The relevant effective operators are given by [66] 
with the leading-order contributions to the EDM and chromo-EDM coefficients in 2HDMs, d f and d f , coming from 2-loop Barr-Zee diagrams, whereas d W is generated by the 2-loop Weinberg three-gluon operator [67] . Full expressions can be found in refs. [33, 68] . The chromo-EDM and Weinberg operators affect the neutron EDM via the running down to the nuclear scale Λ QCD ∼ 1 GeV, which we perform using the 1-loop RGEs for the Wilson coefficients [69] and 4-loop QCD running of the strong coupling [70] .
The results are to be compared to the current 90% C.L. limits for the electron and neutron EDM. For an illustration of the impact of the ACME improved measurement, we also show the constraints from the previous bound coming from experiments done with YbF molecules, |d ACME e | < 8.7 × 10 −29 e · cm, [19] (2.6)
|d n | < 2.9 × 10 −26 e · cm. [72] (2.8)
Electroweak Phase Transition and Bubble Wall Velocity

Electroweak Phase Transition with a Second Higgs Doublet
A strong first order EWPT (as precisely defined in section 3.2) typically requires large couplings to the scalar particles, which in 2HDMs translates to sizable splittings among the scalar masses and/or between these masses and the overall (squared) mass scale of the second doublet, M 2 ≡ Re(µ 2 )/s 2β . Now, in order to avoid the decoupling limit of the second Higgs doublet or instabilities in the scalar potential it is required that 3 M ∼ v. On the other hand, if H 0 = 0 then m H 0 is also required to be light in order to avoid a heavy particle getting a VEV and driving the transition, which would tend to reduce its strength, as occurs in the SM. A relatively heavy H 0 remains possible in the 2HDM alignment limit, where the phase transition is solely driven by h 0 . In this context a tuned, degenerate 2HDM spectrum m H 0 m A 0 m H ± M ∼ v can still yield a strong EWPT 4 . This scenario has been studied in [25] , and we will not pursue it further here. Still, this highlights that the alignment limit always favours a strong EWPT within the 2HDM, and we will henceforth concentrate on this case for simplicity.
Allowing for sizable splittings among the new scalars significantly enlarges the 2HDM region of parameter space where a strong EWPT is possible [28, 29] . Since electroweak precision observables require H ± to pair with one of the neutral scalars, and H 0 needs to be light if 2HDM alignment is only approximate (for a strong EWPT to be viable), it follows that A 0 is the only scalar which is free to be heavy and induce the required large splittings. Thus, a strong EWPT scenario in 2HDMs generically has a hierarchical spectrum, with
Since flavour observables constrain m H ± > 480 GeV in Type II 2HDM, we choose the pairing m A 0 = m H ± , thus arriving at a benchmark scenario with
We note that for 1 ≤ tan β ≤ 5 the quartic couplings are within the perturbativity bound, with max(λ i ) ≈ 2π, and tree-level unitarity is also satisfied [76] [77] [78] . We also stress that 2HDM alignment allows for somewhat larger values of m H 0 compatible with a strong EWPT, with a similar hierarchical 2HDM spectrum pattern. This hierarchical pattern can in fact be probed at the LHC through A 0 → ZH 0 searches [29] , which already constrain our above 2HDM benchmark scenario to tan β 1.8 at 95 % C.L. from LHC Run 1 data [79] .
Phase Transition Strength & Bubble Wall Profile
Since baryogenesis is driven by diffusion processes in front of the bubble wall, we need to compute the temperature T n at which bubble nucleation actually starts, i.e. at which the probability of nucleating one bubble within the Hubble horizon H −1 equals unity [9] . This can be obtained straightforwardly from the nucleation rate per unit volume [80] Γ/V T 4 e −S 3 /T , (3.1)
with S 3 the 3-dimensional action of the associated critical bubble. Once bubbles nucleate, they quickly reach a close to planar steady state, and their profile can then be approximated by an hyperbolic tangent,
where L w is the wall width and
is the VEV at the nucleation temperature. The phase transition strength is given by the ratio v n /T n , and one has a strong first order EWPT when v n /T n ≥ 1. A similar expression to (3.2) holds for the CP violating angle θ(z) of eq. (2.2), which varies by ∆θ along the bubble wall.
The bubble profile is a saddle point of the action S 3 , and is therefore computed by solving the corresponding equations of motion (EoM) for h 1 (z), h 2 (z) and θ(z). While solving this equation is straightforward in a one-dimensional case, for which one can use a simple overshooting-undershooting method, in multi-field cases the problem becomes much more subtle, because one does not know a priori the path along which the shooting is to be performed. Different numerical solutions to this problem have been proposed in the literature [81] [82] [83] [84] . Here we take a two-stepped approach inspired by [84] . First, a onedimensional shooting is performed along the path of the valley connecting both minima of the scalar potential. The resulting profile is then used as a first approximation to the full solution, allowing us to linearize the right hand side of the EoMs by Taylor expanding ∇V . The discretized version of the EoMs then becomes a linear system of equations, which can be solved by simple (and computationally cheap) matrix inversion. We have verified that the solution obtained from this method does satisfy the EoMs. In fact, the first step alone provides a very good approximation to the profile parameters.
A top quark penetrating the bubble wall from the symmetric phase acquires a mass
and therefore feels the bubble wall as a potential barrier. In the semiclassical approximation, the complex phase Θ t leads to different dispersion relations for tops and anti-tops, which ultimately induces a non-zero chemical potential for left-handed baryons, µ B L [85] . The complex phases Θ t and θ are related by [20, 26, 86 ]
Note that due to this relation, which yields ∆Θ t = −∆θ/(1+tan 2 β), there is a suppression for tan β 1. The above discussion highlights that the relevant input for the baryon asymmetry computation is the shape of the bubble profile, i.e. the wall thickness L w , the phase transition strength v n /T n , and the total change in the top-quark's CP violating phase, ∆Θ t . In principle there is also a dependence on the wall velocity v w , expected to be mild as long as the wall remains subsonic [25] .
Bubble Wall Velocity
To estimate v w we consider a simplified model with four scalars acquiring masses from their coupling to a SM-like Higgs according to m s = λ h 0 / √ 2. This is equivalent to an aligned 2HDM with M = m h / √ 2 and tan β = 1, neglecting the self-interactions of the additional scalars. This latter simplification, together with the fact that the phase transition dynamics in this toy model involves only one scalar field, allows for a more straightforward solution of the EoMs for the scalar field, as is necessary to determine the wall velocity. The friction induced by the fluid is modelled by a single friction parameter, η, following [87] . In a first step, this parameter is determined at the runaway point [88, 89] , corresponding to λ = 2.29. It is then extrapolated to weaker transitions by applying the scaling η ∼ exp(− v/T ) found in [87] . By construction, this procedure correctly reproduces bubble runaway, and leads to a reliable determination of the deflagration/detonation boundary, which is crucial for successful baryogenesis. We show in figure 1 a comparison of the relevant phase transition parameters, namely v n /T n , L w T n and the fraction of vacuum energy density released in the phase transition in terms of radiation energy in the plasma [89] ,
for the toy model, the corresponding 2HDM with M = m h / √ 2, and the hierarchical case considered in the rest of the paper. The parameter α n , which will be key for the computation of the GW spectrum from the EWPT, can also be seen as a measure of the phase transition strength: the stronger the transition, the more energy is released into the plasma, leading to greater α n . Also shown in figure 1 are the values of the wall velocity for the toy model, which show that bubble walls remain subsonic even for very strong transitions, v n /T n ∼ 4.0 and α n ∼ 0.15. This is the key feature allowing for simultaneous baryogenesis and a detectable stochastic GW signal from the EWPT in the 2HDM. The good agreement between the shape of the bubble profile in the toy model and in the 2HDM, together with the fact that both have the same number of degrees of freedom in the plasma with similar couplings, indicates that these values of v w can also be trusted as estimates for the wall velocity in the hierarchical 2HDM considered here.
Baryogenesis
To compute the baryon asymmetry we use the fluid approximation for the particle distribution functions, with the chemical potential and the fluid velocity as free-parameters. The corresponding linearized Boltzmann equations are then solved for the top, anti-top and bottom quarks, the other particles constituting the background [90] . The source of displacement from thermal equilibrium as well as of CP violation is the bubble profile, i.e. the parameters v n /T n , L w and ∆Θ t . As discussed in section 3.2, the asymmetric transport of tops and anti-tops along the bubble wall leads to an excess of handedness in front of the wall, represented by a non-vanishing chemical potential, µ B L , for left-handed baryons, to be converted into a baryon asymmetry by the sphalerons (see [91] for more details). Table 1 . Phase transition parameters relevant for computing the resulting baryon asymmetry (section 4) and the gravitational wave spectrum (section 5), for various pseudoscalar masses m A 0 in the hierarchical scenario presented in section 3. The values are given for fixed tan β = 2, but only ∆Θ t is sensitive to tan β according to 3.4. The values of the relevant phase transition parameters entering the computation of the baryon asymmetry are shown in Table 1 , for varying pseudoscalar masses m A 0 within the hierarchical benchmark discussed in section 3. Notice that for m A 0 480 GeV the phase transition is very strong, leading to very thin bubble walls, L w T n ∼ 1.5. This may be problematic for the computation of the baryon asymmetry, since the formalism of top transport is based on a gradient expansion of the Kadanoff-Baym equations [92, 93] with a semi-classical treatment of particles in the plasma, such that their momenta p ∼ T n 1/L w [94] [95] [96] . To account for possible deviations due to our approaching the extreme bound of validity of these approximations 5 , we conservatively assume that the unforeseen effects lead to an overestimate of the BAU by a factor ∼ 2. , whose effect has to be compensated by a larger value of δ 1 − δ 2 to keep η B /η obs = 1. The impact of the recent order-of-magnitude improvement on the electron EDM bound from the ACME experiment is highlighted in figure 2 by showing also the exclusion curve (dotted-dashed blue) from the previous eEDM limit. We note that while the neutron-EDM was a competing bound before, the improvement from the ACME experiment now makes the eEDM to provide the dominant constraint by far. Also shown in figure 2 are the excluded regions from B d − B d mixing, corresponding to tan β 1.16, and from CMS searches for A 0 → ZH 0 with LHC 8 TeV data [79] , corresponding (for m A 0 = 480 GeV) to tan β 1.8. For m A 0 ≈ 480 GeV there remains then an allowed window 1.8 tan β 2.5 for which the correct BAU could still be obtained in this scenario. In figure 2 we also present for illustration the results for m A 0 < 480 GeV, potentially excluded by the B → X s γ flavour bound 6 . The values of the wall thickness in this case are somewhat larger, L w T n ∼ 2 − 3, and we can be more confident about the validity of the gradient expansion (nevertheless the curves shown in figure 2 all take into account the conservative BAU factor ∼ 2, discussed above, for consistency). However, for these values of m A 0 the bounds from CMS searches are even more stringent, excluding tan β 1.93, while the eEDM upper bound on tan β is also stronger (as a result of a weaker EWPT), altogether closing the baryogenesis window for these masses.
The discussion above emphasizes that, while baryogenesis is still possible within the 2HDM, quite strong phase transitions are required. In fact the usual bound for avoiding sphaleron washout in the broken phase, v n /T n 1.0, turns out being too mild, since EDM constraints alone require significantly stronger transitions if baryogenesis is to be successful.
Before continuing, let us comment on the fact that similar results could have been obtained for an overall mildly heavier spectrum at the cost of tuning. As an example, for M = m H 0 = 300 GeV and m A 0 = m H ± ≈ 555 GeV one obtains v n /T n = 4.513, L w T n = 1.625, α n = 0.159 and β/H * = 662.85, values all similar to those of our previously considered benchmark with M = m H 0 = 200 GeV and m A 0 = m H ± ≈ 483 GeV. While the eEDM constraints are hardly affected by this amount of uplifting of the scalar spectrum, bounds from CMS A 0 → ZH 0 searches get significantly weakened, being currently insensitive to such heavier spectrum. Note, however, that an increase in M = m H 0 tends to weaken the phase transition, and has to be compensated by larger couplings, thus leading to larger values of β/H * . As discussed in the next section, even stronger transitions would then be required in order to bring this parameter down to the point where the GW spectrum would be observable at LISA, which in turn would lead to faster walls, thus harming baryogenesis.
Finally, we stress that in the 2HDM of Type II considered here the Barr-Zee diagrams mediated by top and W ± loops interfere destructively, with an optimal cancellation for tan β ∼ 1 [27, 32, 33] , leading to milder eEDM constraints in this region as manifestly seen in figure 2. This cancellation does not take place in Type I 2HDM, where the EDM bounds are more severe for low tan β, precisely where baryogenesis is optimal. This shows that accommodating successful baryogenesis in Type I 2HDMs is more challenging.
Gravitational Wave Spectrum
While baryogenesis takes place during the period of bubble expansion, gravitational waves start getting sourced at the end of the phase transition, when the bubbles collide and overlap. One such source is the uncolliding expanding envelopes of scalar field bubbles, since the bubbles' spherical symmetry is broken by their partial overlap. For thermal phase transitions, such as the one we are considering here, where the bubble wall has reached a constant velocity long before the bubbles collide, the scalar field contribution is tiny and can be completely ignored. Practically the entire energy released by the transition goes into the plasma, as heat and fluid motion. As numerical simulations show [39] , the collision of bubbles produces fluid perturbations mostly in the form of sound waves in the plasma, which act as a long lived, powerful source of gravitational waves, until they are switched off by the Hubble expansion. For sufficiently strong transitions one also expects that the sound waves turn into a stage of turbulence before a Hubble time [98, 99] , with the turbulent fluid also acting as a GW source [40] .
The amplitude of the GW spectrum depends crucially on the amount of energy released in the phase transition and available to be converted into GWs, i.e. the α parameter in eq. (3.5) . Another important quantity is the (approximate) inverse duration of the phase transition, β, given in terms of the Hubble rate by
where T * ≈ T n is the finalisation temperature at which the phase transition completes 7 . Typically, for an electroweak phase transition β/H * ∼ O(100 − 1000). If β is large, the bubble nucleation rate increases rapidly with the temperature, and the true vacuum then fills the entire space due to bubble nucleation at various different regions. On the other hand, a small β means that the nucleation rate remains approximately constant for the duration of the phase transition, and space is filled by the expansion of the bubbles nucleated at T n . In fact, the bubble radius during collision is R * ∼ v w /β, and since GWs are sourced by the energy in the moving walls and the accompanying fluid motion, a large signal demands small values of β.
Because we are focused on deflagrating bubbles, the main source in our case are the sound waves accompanying bubble expansion and collision [38, 39] . This is because the fluid continues to oscillate and source GWs even after the transition has completed, leading to an amplitude enhancement by a factor O β H * ∼ 100 − 1000 as compared to the spectrum obtained with the envelope approximation. A thorough analytic treatment of this case is still lacking (see however [99] ), but numerical simulations indicate that the amplitude of the spectrum and its peak frequency can be written as [98] 
Here κ v is the efficiency in converting the released vacuum energy into bulk motion of the fluid, which can be found in ref. [89] and g * ≈ 106.75 is the number of relativistic degrees of freedom in the plasma. 7 More precisely, we find that typically T f ≈ 0.96 Tn, leading to an approximate 75% difference in β/H. However, using the finalisation temperature actually leads to an overestimate of the average bubble radius during collision and consequently of the GW spectrum. We therefore choose to adopt a conservative approach and compute the spectrum at Tn. 8 Note that shock waves are expected to develop at a time scale τ sh ∼ vw β 1 √ κv α [98, 99] , which in our case is not necessarily much larger than the lifetime of the acoustic source, τsw ∼ H −1 *
[39], so their effects (including some conversion of acoustic energy into vorticity) would have to be taken into account. However, the dynamics of turbulence generation from sound waves is still poorly understood, and it is difficult to estimate the impact of this effect on the results presented here. We will proceed with the linear sound wave approximation, keeping in mind that more work is needed to fully understand the GW spectrum generated from very strong phase transitions such as the ones considered here. We show in figure 3 the GW spectrum generated by our benchmark scenario with varying values for m A 0 = m H ± , with the values of the parameters relevant for obtaining the peak amplitude (5.2) and frequency (5.3) given in Table 1 . Figure 3 also shows the prospective sensitivity for different LISA configurations [98, 100] . The LISA Pathfinder mission has successfully established the noise levels expected for the full experiment (N2), and the configuration with three arms (six links, L6) has already been fixed. Thus, the remaining free parameters to be determined are the arm lengths (between 1-5 MKm, A1-A5) and the duration of the mission, which we set at 5 years (M5). For illustrative purposes we also include the sensitivity curve for two arms (four links, L4) with 2 MKm length each (A2). Our results are in the same range as those found e.g. in refs. [101, 102] for various other models, provided the phase transition is quite strong, as also in our case.
It is interesting to note that the values for β/H * obtained in the 2HDM are significantly larger (for comparable values of α) than those usually found in other models considered in the GW literature [98, 103] . This is because β/H * is essentially determined by the temperature dependence of the effective potential, which increases with the number of degrees of freedom present in the plasma, as well as with the strength of their couplings. Indeed, the hierarchical 2HDM considered here involves relatively strong couplings, with the mean field contribution to the thermal potential leading to thermal Higgs masses m 2 T /T 2 ∼ λ 3 3 2π 3 , larger than in weakly coupled scenarios such as supersymmetric extensions.
Finally, we stress that there is some degree of tuning in the results for the GW spectrum, regarding the detectability by LISA. For m A 0 = 480 GeV the spectrum is still outside the detectability range of even the most powerful prospective LISA configuration; for m A 0 = 487 GeV the walls are already supersonic and no baryogenesis would be possible; and for m A 0 492 GeV the symmetric vacuum is metastable and no electroweak symmetry breaking takes place.
Conclusions
We have argued for the possibility that a first order electroweak phase transition could yield the observed baryon asymmetry of the Universe and, at the same time, generate a gravitational wave spectrum observable at LISA. This may be seen as a "proof of principle" for the compatibility of both phenomena, which can coexist for rather strong transitions with relatively slow expanding bubbles, as occurs in 2HDM scenarios. We emphasize that the recent improvements in our understanding of GWs sourced by acoustic waves as well as of the prospective LISA sensitivity were vital for the results presented here. In particular, although the amplitude enhancement by a factor O (β/H * ) coming from long-lasting sources of GWs has been known for a while [40] , a reliable estimate of the dependence of the spectrum with the phase transition parameters and the wall velocity, given in (5.2), could only be achieved with very recent data from extensive numerical simulations [39] . First steps towards an analytic understanding of the problem have been made in [99] , but further investigation on the shape of the spectrum is granted, especially for very strong phase transitions.
We have also shown that 2HDMs remain viable candidates for explaining the baryon asymmetry of the Universe, even after the recent stringent bound on the electron EDM by the ACME collaboration. We note however that the experimental constraints on these scenarios are severe, and a significant future increase in the sensitivity of LHC A 0 → ZH 0 searches and/or another order-of-magnitude improvement of the eEDM bound will rule out the 2HDM in so far as baryogenesis is concerned. modelled in that work does not seem to lead to a consistent implementation of the runaway phenomenon, thus casting doubt on whether it will lead to a reliable determination of the deflagration/detonation boundary, as is crucial for baryogenesis.
